functions, both in the central nervous system and in the periphery, by binding to type-1 and type-2 cannabinoid receptors ( 1 ), and to transient receptor potential vanilloid 1 (TRPV1) ion channels ( 2, 3 ). Additional targets of AEA also include 5-hydroxytryptamine receptors ( 4 ), GPR55 or "CB3R" ( 5, 6 ), and the nuclear peroxisome proliferatoractivated receptors ␣ ( 7, 8 ) and ␥ ( 9-11 ).
Human keratinocytes (HaCaT cells) and human neuroblastoma SH-SY5Y cells were cultured as already described ( 40 ) . Briefl y, cells were grown in a mixture of DMEM and F12 media (1:1, v/v) supplemented with 10% fetal bovine serum, 1% nonessential amino acids, and 100 units/ml penicillin at 37°C in a 5% CO 2 humidifi ed atmosphere. For experiments carried out with [ 3 H]AEA, cells were plated onto 24-well plates (cod. 3526; Corning Incorporated, NY) containing or not coverslips, at an initial density of 2.0 × 10 5 cells/well, and were incubated with supplemented medium for 18 h. For assays performed with b-AEA, 1 day before the experiment, cells were plated at 50% confl uence on glass coverslips, placed into 24-well plates, and grown as described above. To increase cell attachment to the glass surface, the coverslips were coated for 2 h at room temperature with human placenta type IV collagen solution (0.1 mg/ml in 0.1 M acetic acid) and then were rinsed with sterile water (tissue culture grade) before adding cells and medium. At the beginning of each assay, the wells were washed once with 0.5 ml warm PBS. The effect of OMDM-1 on the import/export of [ 3 H]AEA or b-AEA was determined by adding this substance (50 M) directly to the incubation medium 10 min before the experiments ( 28 ) .
Methods to measure AEA transport
Assay of [
3

H]AEA uptake in HaCaT cells with or without coverslips.
The assay was based on the method described by Fowler et al. ( 34 ) , adapted as described below. For dose-dependent accumulation experiments, the culture wells, containing or not round coverslips, were incubated both at 37°C and 4°C for 10 min with different concentrations of [ 3 H]AEA (200-3,000 nM) with the specifi c activity diluted to 50 mCi/mmol with unlabeled AEA in serum-free medium (500 l/well). For time-dependent accumulation experiments, cells were incubated at either 37°C or 4°C for different periods of time (0-30 min range) with 400 nM AEA in serum-free medium (500 l/well). Incubations were stopped by placing culture plates on ice and rapidly aspirating the media. The wells were then washed three times with 1 ml of ice-cold PBS containing 1% (w/v) BSA. To recover cell-associated AEA, NaOH extraction was used as described elsewhere ( 34, 27 ) . In particular, cells grown on plastic were directly treated in the wells with 500 l NaOH (0.5 M) for 15 min at 75°C, whereas cells grown on glass were fi rst removed from the wells (using a curled needle and a pair of fl at tweezers to remove the coverslips), and then they were placed in a scintillation vial and were treated with NaOH as described above. The radioactivity in these extracts was measured by liquid scintillation counting. For experiments carried out in the absence of cells, the wells, containing or not coverslips, were incubated either at 37°C or at 4°C in supplemented medium for 18 h and then AEA "uptake" was measured as described for the experiment with cells. In a preliminary set of experiments, we found that the small amounts of methanol (fi nal concentration р 0.5%) used as a vehicle for the preparation of AEA solutions did not signifi cantly alter either cell viability or AEA transport, in keeping with previous reports ( 28 ) .
Export assay with [
3 H]AEA. To inhibit FAAH activity, 100 nM URB597 in serum-free medium was added to wells, incubated for 10 min at 37°C, then [ 3 H]AEA was added (500 l, 400 nM with the specifi c activity diluted to 50 mCi/mmol with unlabeled AEA in serum-free medium) and was further incubated for 15 min at 37°C. After this incubation step, the plates were washed three times with warm PBS, and the coverslips were transferred into new multi-wells with 500 l PBS containing 0.15% BSA and were incubated at either 37°C or 4°C. Next, the coverslips were withdrawn at different time points (0-60 min range), were placed ate simultaneously to different extents, depending on cell type and assay conditions used.
It is widely accepted that confl icting literature data on AEA transport are largely due to the methodological intricacy of measuring such a lipophilic molecule ( 34 ) . In particular, the main problem might be a nonspecifi c adsorption of AEA onto plastic plates, resulting in a very high background noise ( 34 ) . Furthermore, the adsorption of AEA to cell-free plates can be even more pronounced than that to cell-containing plates. Besides binding to the plastic in a way that can be prevented by binding inhibitors, AEA can be subsequently released in a time-and temperature-dependent manner. These features could be mistaken as biological processes, thereby representing an important source of confl icting results in both uptake and release studies ( 24, 35 ) . Such concern has been addressed in a few papers that propose the use of fatty acid-free BSA in the uptake buffer to stabilize AEA solubility and to minimize its retention by plastic wells ( 24, 32, 34, 35 ) . However, the use of BSA in the uptake assay has not been widely accepted, because BSA has been reported to interfere with, or even abolish, AEA uptake by cells, possibly due to the high-affi nity of AEA binding to BSA ( 25, 36, 37 ) .
In the present study, we sought to minimize the errors associated with the nonspecifi c binding of AEA to plasticware by developing a methodological alternative to traditional protocols. To this aim, we carried out the experiments on glass supports (coverslips) instead of plastic, exploiting the limited tendency of hydrophobic molecules to bind the hydrophilic surface of borosilicate glass ( 38 ) . Indeed, we found that AEA does not appreciably adsorb onto the glass surface of the coverslips, thus minimizing the background noise often associated with assays performed on plastic supports. This new approach was successfully applied also to the measurement of AEA export from cells. Additionally, we demonstrated that a biotinylated derivative of AEA (b-AEA) ( 28, 39 ) can be used to visualize the in-and-out traffi c of this endocannabinoid by immunofl uorescence techniques, providing a nonradioactive, rapid, and easy-to-use alternative for the study of anandamide metabolism. Moreover, the temperature-sensitive component of this binding, obtained by subtracting the uptake at 37°C from that at 4°C, was better fi tted to a rectangular hyperbola (dotted line in Fig. 1 , respectively. These data indicate that the binding of AEA to polystyrene is indeed a high-capacity, low-affi nity process that mimics a protein-mediated binding ( 41 ) . In marked contrast, neither a concentration-nor a temperature-dependent retention of tritium-labeled AEA was found on the coverslips, demonstrating that AEA does not bind appreciably onto glass surfaces (inset to Fig. 1 ). In particular, by recovering the total amount of AEA adsorbed on the two types of support, we could estimate that plastic binds AEA ‫ف‬ 80-fold more avidly than glass. We also checked that precoating the coverslips with collagen did not affect the binding of AEA to these glass supports (see supplementary data). Incidentally, similar results were also obtained for 2-arachidonoylglycerol (2-AG), another major endocannabinoid. In keeping with its lipophilic nature [logP = 5.39 ( 16 )], we found that 2-AG binds to plastic to the same extent as AEA, and indeed ‫ف‬ 8% of total 2-AG was bound aspecifi cally to plastic, while only ‫ف‬ 0.1% was bound aspecifi cally to glass. Therefore, glass should also be preferred for the study of 2-AG transport. However, in the present study, we further characterized the coverslip-based procedure only for AEA transport, because we planned to use it with b-AEA, which is not yet available for 2-AG.
MATERIALS AND METHODS
Materials
AEA uptake in HaCaT cells: plastic versus glass substrate
Next, the nonspecifi c binding of AEA to plastic and glass supports was compared with the specifi c uptake of AEA by cells cultured on plastic wells or coverslips. For these assays, we used HaCaT cells, a human keratinocyte cell line with a well-defi ned AEA transport ( 28, 40, 42 ) . HaCaT cells adhere strongly to both plastic and glass supports, thus minimizing problems of cell detachment during processing and washing. The results are shown in Fig. 2A . Using the plastic substrate, we found that both at 37°C and 4°C the level of binding of AEA to plates with cells was ‫ف‬ 5-fold greater than that associated to plates alone, whereas the temperaturedependent component of cellular uptake was only ‫ف‬ 3-fold higher. On the contrary, when the assay was carried out with glass coverslips, the radioactivity recovered was due exclusively to AEA taken up by cells, because the uptake by the naked coverslips was negligible (i.e., from ‫ف‬ 30-to ‫ف‬ 60-fold lower than in the presence of cells). Importantly, these results showed that subtracting the uptake at 4°C from that at 37°C was not suffi cient to eliminate the nonspecifi c signal, because a signifi cant difference ( P < 0.01) was observed between the 37°C Ϫ 4°C value of the conventional method and that of the new procedure (0.90 ± 0.08 vs. 0.56 ± 0.01 pmol/min/cm 2 , respectively). Therefore, a conventional AEA uptake experiment should be carried out with cells in plastic wells at 37°C and 4°C, as well as in cell-free plastic wells. In fact, the total AEA uptake obtained by subtracting the 37°C Ϫ 4°C value of plastic without cells from the same value of plastic with cells was identical to the 37°C Ϫ 4°C into scintillation vials, and radioactivity was counted as described above.
Uptake assay with b-AEA. For time-dependent accumulation, cells were incubated at either 37°C or 4°C for different periods of time (0-60 min range) with 10 M b-AEA in serum-free medium (0.25 ml/well). Because b-AEA is not hydrolyzed by FAAH ( 28 ) , the addition of URB597 in the culture medium was omitted. For concentration-dependent accumulation experiments, cells were incubated at either 37°C or 4°C with b-AEA in the 0-20 M range. After incubation, the plates were placed on ice and the wells were rinsed three times with ice-cold PBS. The coverslips were then transferred into new multi-wells containing 0.3 ml of fi xative solution [PBS containing 3% (w/v) paraformaldehyde and 4% (w/v) sucrose] for 20 min at room temperature. Cells were extensively washed with PBS, and the excess of fi xative was removed by incubating cells for 5 min at room temperature with PBS + 0.2 M glycine. After fi xation, b-AEA was revealed by incubating the coverslips with the streptavidin Alexa Fluor 488-conjugated, diluted 1:100 in PBS + 0.05% saponin for 30 min at room temperature. After three washes with PBS + 0.001% saponin, coverslips were almost air-dried, mounted with 4 l of ProLong Gold antifade, and analyzed by a Leica TCS SP confocal microscope equipped with a 40× oil objective (Leica Microsystems, Wetzlar, Germany). Pictures were taken using the program LAS AF (Leica Microsystems) and then were processed with Adobe Photoshop CS2 (Mountain View, CA) for adjustments of brightness and contrast. For image analysis, fi ve fi elds from at least three independent experiments were examined for each treatment. Quantifi cation of the mean fl uorescence intensity in selected regions was carried out using the ImageJ software (http://rsb.info.nih.gov/ij/).
Export assay with b-AEA. A preloading step was carried out
by incubating cells with 10 M b-AEA in serum-free medium for 10 min at 37°C. Because b-AEA is not hydrolyzed by FAAH ( 28 ) , the addition of URB597 in the culture medium was omitted. After incubation, the plates were washed three times with warm PBS. The coverslips were then transferred into new culture wells containing 500 l serum-free medium with 0.15% BSA and were incubated at either 37°C or 4°C. The coverslips were withdrawn at different time points (0-60 min range), washed once with 0.5 ml ice-cold PBS, transferred into new wells containing 0.3 ml of fi xative solution, and labeled with streptavidin-488 for fl uorescence detection as described above.
Statistical analysis
Data reported in this paper are the means ± SD or ± SEM (as indicated) of at least three independent experiments, each performed in triplicate. Statistical analysis was performed by using unpaired Student's t -test, elaborating experimental data by means of Prism 4 program (GraphPAD Software, San Diego, CA).
RESULTS
Interaction of AEA with plastic and glass supports
As an initial experiment aimed at evaluating the different adsorption of [ 3 H]AEA on plastic or glass, plastic plates as such were incubated for 10 min either at 37°C or at 4°C with increasing concentrations of [ 3 H]AEA in buffer in the presence or absence of coverslips. As shown in Fig. 1 , strong nonspecifi c AEA adsorption on plastic was observed that was both concentration-and temperature-dependent.
The two procedures were also compared in terms of the time dependence of [ 3 H]AEA accumulation. To this end, HaCaT cells were incubated with 400 nM AEA at various time points. Importantly, we measured AEA uptake by holding the coverslips with a pair of tweezers in the import/export buffer and then transferring them in the washing buffer to stop the reaction. By using this approach, we managed to analyze time points as early as 3 s, 15 s, and 30 s. Kinetic analysis of these data revealed a signifi cant difference in the t 1/2 values of the process that was ‫ف‬ 2-fold smaller when measured with the new procedure [t 1/2 (min): plastic, 5.1 ± 2.7, CV = 52%; glass, 2.5 ± 0.7, CV = 28%; P < 0.05, n = 9] ( Fig. 2C ; Table 1 ) .
Finally, as a further control of the validity of the new procedure, we treated cells grown on coverslips with OMDM-1, a widely used inhibitor of AEA transport ( 37 ) . As expected, when cells cultured on glass coverslips were preincubated with OMDM-1, both dose-dependent and time-dependent uptake of AEA was signifi cantly reduced ( Fig. 2B, C ) .
Export assay of [ 3 H]AEA in HaCaT cells grown on coverslips
The release of adsorbed AEA from the plastic wells could represent a major source of errors in release experiments, because it mimics a genuine biological process ( 35 ) . Thus, we have explored the suitability of the new procedure to characterize the effl ux of AEA from preloaded cells. Coverslips in the presence or absence of cells were incubated in 24-well plates for 10 min with 400 nM [ 3 H]AEA in the presence of 100 nM URB597, a FAAH inhibitor that minimizes AEA catabolism ( 17 ) . After washing value obtained by using glass with cells. Taken together, these results demonstrated that, in order to calculate the specifi c uptake of AEA, with the conventional procedure it is necessary to perform additional controls (i.e., uptake experiments in cell-free plastic wells at 37°C and 4°C), whereas with the novel procedure these controls are not necessary.
Under the same conditions, when the experiments were carried out in the presence of various amounts of albumin in the assay buffer, we observed ‫ف‬ 80% (at 1% BSA) or ‫ف‬ 100% (at 5% BSA) inhibition of AEA internalization (supplementary Fig. I ). Therefore, all subsequent uptake assays were performed without BSA.
To validate the new procedure, a comparison with the conventional method was made by measuring AEA uptake in HaCaT cells grown on coverslips or plastic wells ( Fig.  2B ; Table 1 ). Kinetic analysis of the data revealed a significant difference in the K m constant, which was ‫ف‬ 40% smaller when measured with the new procedure [ K m ( M): plastic, 0.47 ± 0.15, coeffi cient of variation (CV) = 31%; glass, 0.27 ± 0.05, CV = 19%; P < 0.01, n = 9]. Instead, no signifi cant difference was observed in V max values (in pmol/ min/mg of protein): plastic, 125 ± 15, CV = 12%; glass, 130 ± 1, CV = 0.8%. It is noteworthy that the experimental data obtained with the new method were more regularly distributed along a rectangular hyperbola ( R 2 = 0.999) compared with those obtained with the conventional procedure ( R 2 = 0.910), as suggested also by the smaller CV of the estimated parameters. Moreover, the measurements made with the new protocol showed a relative error not exceeding 3% compared with ‫ف‬ 10% of the conventional method, thereby indicating that the former procedure was more precise. . The accumulation was stopped by buffer removal, and the amount of tritium adsorbed nonspecifi cally to the different supports was measured after washing. To compare AEA adsorption on coverslips and plastic wells, the total amount of AEA was normalized to the total wet surface of the two types of support and was expressed as pmol/min/cm 2 . The temperature-sensitive component of the nonspecifi c uptake associated to the plastic wells was obtained by subtracting the uptake at 37°C from that at 4°C, and is shown as dotted line. The inset (on the right) shows an enlargement of the graph relative to [ 3 H]AEA retained by the coverslips. Values are means ± SEM of at least three independent experiments performed in triplicate. The points were generated using GraphPad Prism, and the curves were fi tted using the one site binding hyperbola.
Buffer containing 0.15% BSA was then added, and the residual radioactivity of the cells or the coverslips was followed over time. As expected, in the absence of cells, neither time-nor temperature-dependent release of tritium was found at temperatures of 37°C and 4°C (data not shown); yet, in the presence of cells, a t 1/2 value of 2.4 ± 0.8 min could be calculated by fi tting the temperature-dependent component of the AEA effl ux with a fi rst-order equation ( Fig. 3 ) .
Fluorescence-based method for the study of AEA import/export
Although both methods are able to quantify AEA import and export, they do not allow to "see" the movement of this lipid. In previous studies ( 28, 39 ), we reported the synthesis and characterization of a biotinylated analog of AEA, b-AEA, that is transported like AEA, making possible the visualization of this process. To test whether b-AEA may also represent an alternative tool for measuring the in-and-out transport of AEA by intact cells, we analyzed kinetics of b-AEA transport using fl uorescence detection of cells grown onto coverslips. Preliminarily, we tested whether b-AEA was binding to glass surface alone, and found that it did not, much like AEA (data not shown). Kinetic analyses of the fl uorescence values showed that the uptake of b-AEA was a saturable process with an apparent K m of 5.8 ± 1.3 M ( Fig. 4A ) . The time dependence of b-AEA accumulation was also investigated by incubating HaCaT cells with 10 M b-AEA at various time points. Kinetic analysis of the fl uorescence values revealed that the uptake of b-AEA was time dependent, with a t 1/2 of 5.4 ± 1.0 min ( Fig. 4B ) . Much like AEA transport, both concentration-and time-dependent uptake of b-AEA was strongly reduced by OMDM-1 ( Fig. 4A, B ) .
Afterwards, to characterize the suitability of b-AEA as an immunofl uorescence-detectable probe in export assays, we investigated the effl ux of this substance from the cells. As described above for the AEA export assay, coverslips in the presence or absence of cells were preloaded with 10 M b-AEA in 24-well plates for 30 min at 37°C. Then the coverslips were transferred to new 24-well plates and incubated for the indicated times before being fi xed and analyzed by fl uorescence microscopy. When the assay was performed in the absence of BSA, a slow effl ux of AEA was observed with a t 1/2 of 22 ± 5 min. In contrast, the presence of 0.15% BSA in the incubation medium determined a net terpretation, as it has been extensively reviewed elsewhere ( 43, 44 ) . Thus, development of new techniques that could overcome these shortcomings and allow a more reliable analysis of AEA transport are needed.
Here, we describe an improvement of traditional protocols aimed at minimizing the spurious phenomena affecting the accuracy of AEA transport assays. Our method simply replaces plastic wells with coverslips in uptake experiments, thus exploiting the low adherence of AEA to the borosilicate surface. Indeed, we found that the "specifi c uptake" of AEA measured with the standard procedure (i.e., with cells grown onto plastic), normally obtained by subtracting the uptake at 37°C from that at 4°C, was signifi cantly higher than the corresponding value measured with the new procedure, indicating that the "standard" controls currently used to correct for the nonspecifi c AEA uptake are not completely reliable. In fact, we found that, in order to obtain a more accurate estimate of AEA uptake with the conventional protocol, it is necessary to perform additional controls (i.e., uptake experiments in cell-free plastic wells at 37°C and 4°C). Incidentally, the same advantages of the new protocol seem to hold true also for the transport assay of 2-AG, effl ux of b-AEA that was greater at 37°C than at 4°C ( Fig. 4C ) . The temperature-dependent component of the b-AEA effl ux, calculated as the 37°C Ϫ 4°C difference, followed fi rst-order kinetics with a t 1/2 value of 5.6 ± 1.5 min ( Fig. 4C , fi lled squares) . Finally, we found that the addition of 50 M OMDM-1 caused a small yet not signifi cant reduction in the effl ux of b-AEA from the cells ( Fig. 4C ) .
Experiments with SH-SY5Y cells
To further extend the analysis, a comparison of the kinetic parameters of AEA transport obtained by the old and the new procedure was carried out using a different cell line, namely human neuroblastoma SH-SY5Y cells ( Table  1 ) . At variance with the data obtained with HaCaT cells, the two procedures yielded different V max values but similar K m values for AEA uptake ( Table 1 ) , suggesting a different interference of plastic in SH-SY5Y cells. Concerning the export process, neuroblastoma cells were found to release AEA with a t 1/2 value of 1.1 ± 0.2 min, i.e., ‫ف‬ 2-fold faster than HaCaT cells. Finally, the kinetic parameters of b-AEA transport in SH-SY5Y cells were in the same order of magnitude as the values found in HaCaT cells ( Table 2 ) .
DISCUSSION
An accurate estimate of uptake and release of AEA by cultured cells is a prerequisite for identifying the mechanism of AEA transport. Unfortunately, these measurements are spoiled by the tendency of AEA to adsorb reversibly not only to the plasma membranes, but also to the plastic of the culture wells, resulting in a high background noise ( 24 ) . The poor signal-to-noise ratio associated with AEA uptake assays may generate artifacts that complicate the interpretation of the data, masking the effective nature of the transport process ( 34, 43, 44 ) . Running identical experiments in parallel where cells are incubated at 4°C ( 25 ) , or in the presence of an excess of unlabeled AEA ( 25 ) or of the AEA uptake inhibitor AM404 ( 45 ) , are among the tricks used so far to determine the extent of nonspecifi c signals. Another system for the evaluation of nonspecifi c binding of AEA to cell membranes and culture dishes is the use of plates without cells or with cells incubated for only 3 s at 37°C (31) (32) (33) . A further method is based on the use of BSA as AEA-binding agent, which keeps AEA in solution and prevents its adsorption to the plastic surface ( 24, 32 ) . However, these methods are all subjected to various degrees of uncertainty and misin- Data are means ± SD values, n = 9 for each value. * Indicates P < 0.05 versus plastic control; ** indicates P < 0.01 versus plastic control; *** indicates P < 0.001 versus plastic control. 3 H]AEA retained onto coverslips with NaOH. The temperature-dependent effl ux (closed square) was calculated by subtracting the fraction of [ 3 H]AEA remaining within the cells at 37°C from the fraction remaining at 4°C. The line drawn through the fi lled squares is the best fi t of the data to the one phase exponential association using least squares, nonlinear regression analysis (GraphPad Prism). Values are means ± SEM of at least three independent experiments performed in triplicate. The points were generated using GraphPad Prism, and the curves were fi tted using the one site binding hyperbola for accumulation data and the one phase exponential association for release data.
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Finally, we took advantage of the glass support to develop a fl uorescence-based method for studying import and export of AEA by confocal microscopy, using a biotinylated analog of AEA (b-AEA). This substance provides a nonradioactive tool for visualizing the movement of this lipid in intact cells ( 28, 39 ) . The time-dependent accumulation assay showed that the uptake of b-AEA in both cell types occurred within minutes ( Table 2 ) . Interestingly, the temperature-dependent component of b-AEA effl ux from the same cells, calculated by subtracting the values at 37°C from those at 4°C, followed a fi rst order kinetics with t 1/2 values very close to the values of the import process ( Table  2 ) . On this basis, it can be suggested that a common transport mechanism underlies the bi-directional fl ux of AEA across the plasma membrane ( 25, 27, 37, 48 ) . However, the fact that OMDM-1 reduced the import but not the export of b-AEA in HaCaT cells seems to favor the hypothesis that these two processes are not identical.
Other critical methodological concerns about AEA uptake assays are still open, including: i ) the optimal delivery of AEA to the cells, which can occur with or without albumin in the buffer; ii ) the determination of the activity of AEA in aqueous solutions; and iii ) the choice of the incubation times, which could highlight different events involved in the intracellular transport of AEA (i.e., transmembrane transport, intracellular accumulation, and subsequent metabolism). In the present study, albumin was not included in the buffer, because we observed a marked reduction of uptake both for AEA and b-AEA; instead, it was added in the export buffer, because no appreciable effl ux of AEA or b-AEA could be measured in its absence. These results are comparable to those reported in previous studies ( 25, 35, 36 ) , although they are in confl ict with others ( 24, 32 ) , overall calling for a standardization of the current protocols. With respect to the timing of the import/export assays, we used late time points (15 min for the uptake, and 5-60 min for the export), common to most transport protocols currently employed. Yet, it should be stressed that the assay with the coverslips is suitable to assess AEA import/export also at early time points (even 3 s). In fact, washing and recovering the cells after incubation can be faster than with the classical procedure, due to the possibility of holding the coverslips with a pair of tweezers in the import/export buffer and then of transferring them in the washing buffer to stop the reaction.
From a practical point of view, there are several reasons to favor the use of coverlips for assaying the transport of AEA and, potentially, of 2-AG and other endocannabinoids. First, by reducing the number of controls, the costs of each assay can be reduced by ‫ف‬ 50% compared with the classical method. Also, the low cost of the coverslips (only $90 for 700 pieces), compared with that of plasticware for cell culture, contributes to save money. Second, growing cells on the coverslips allows to save time during the harvesting step. In fact, by rapidly moving the coverslips directly into the scintillation vials, it is possible to avoid the boring and time-consuming step of scraping cells off the plastic well. Third, if this procedure is applied by holding the coverslips with a pair of tweezers in the import/export which sticks to plastic as much as does AEA; thus, glass may be preferred over plastic to study the uptake of this endocannabinoid.
On the other hand, comparison of the kinetic parameters of AEA transport obtained by the old and the new procedure in two different cell lines (HaCaT and SH-SY5Y) demonstrated that plastic may have a signifi cant infl uence on either K m (HaCaT) or V max (SH-SY5Y) values ( Table 1 ) and possibly on both parameters in yet other cell types. The most likely explanation for these fi ndings is that AEA binding to polystyrene is a high-capacity, low-affi nity process that mimics a protein-mediated binding with typical K m and V max values. Therefore, plastic binding may contribute to different extents to the overall uptake, based on the ratio between the surface covered by cells and the surface that remains cell-free. In other words, it is likely that the degree of "uptake" contributed by the plastic depends on the cell density, because only the surface of the well directly in contact with the substrate solution (i.e., not covered by the cells), may adsorb AEA ( 24, 41 ) . In this context, it is noteworthy that the two cell types used in this study have very different phenotypes, and thus, even at a 100% confl uence, they occupy a different fraction of the available surface: keratinocytes cover almost completely the area of the plastic well, whereas neuroblastoma cells occupy only part of it. More generally, other variables such as incubation time, temperature, batch of culture wells, and number of cell passage may contribute to the extent of AEA adsorption to plastic, which has been reported to vary from ‫ف‬ 5% ( 46 ) to as much as ‫ف‬ 50% ( 47 ) of the total amount taken up. Thus, an important advantage of substituting plastic with glass is the possibility to minimize these sources of variability in the in/out transport assays.
Another major fi nding of this investigation is that the use of coverslips as cell support eliminates the problem of the release of adsorbed AEA from plastic wells, a major source of error in release experiments ( 35 ) . Indeed, in the absence of cells, we did not observe any release of [ 3 H] AEA from the coverslips, whereas preloaded cells grown on glass displayed a well-defi ned time-and temperaturedependent effl ux of tritium, with a temperature-dependent component following a fi rst-order kinetics (t 1/2 = 2.4 ± 0.8 min and 1.1 ± 0.2 min for HaCaT and SH-SY5Y, respectively). Incidentally, these values are very similar to those previously observed for other cells, like cerebellar granule cells (t 1/2 = 1.9 ± 1.0 min) ( 25 ) , HUVEC endothelial cells (t 1/2 = 5.0 ± 1.0 min) ( 48 ) , and C6 glioma cells (t 1/2 = 3.4 ± 1.0 min) ( 35 ) , overall suggesting that the effl ux of AEA from the cells is indeed a rapid and effi cient process. Data are means ± SD values, n = 9 for each value.
Novel approaches for assaying AEA transport 2443 buffer (a procedure very useful to achieve really short incubation times), it is possible to save even more money by reducing the amount of radioactivity used for each assay. During the preparation of this manuscript, a novel procedure for investigating the uptake of AEA in intact cells was reported ( 51 ) . In this study, Ligresti et al. used TRPV1 channel as a biosensor to detect AEA and developed nanoparticles to deliver AEA into the cytosol, by-passing any interaction with membrane proteins. Using this approach, they found that several agents previously reported to inhibit AEA uptake lose their effi cacy when AEA is prevented from interacting with membrane proteins, thus providing novel and more direct evidence for the existence of an AEA transporter (51) . Interestingly, because they kept cells in quartz cuvettes or Petri dishes for fl uorescence and digital holographic quantitative phase microscopy, respectively, it is tempting to suggest that glass coverslips or chambers could represent a better support also for these novel procedures.
In summary, this study describes a fast, relatively cheap, and reliable glass-based assay for measuring in vitro AEA uptake and release. This approach is aimed at avoiding some of the artifacts generated by the nonspecifi c binding of AEA to plastic and the complicated kinetics of AEA/ BSA interaction. Considering the fact that AEA does not bind appreciably to borosilicate glass, the use of coverslips seems particularly indicated to perform export experiments. More importantly, the new procedure can be also extended to the subcellular level ( 49, 50 ) by taking advantage of b-AEA as a nonradioactive probe to look at anandamide traffi cking within intact cells by light, fl uorescence, and electron microscopy techniques.
